Abstract. The goal of this contribution was to describe parameters of surface integrity of two machined materials; austenite and duplex stainless steel. Residual stresses and presence of straininduced martensite were studied as a function of the side rake angle. Residual stresses of surface and sub-surface layers were determined using X-ray diffraction techniques and hole-drilling method. By using X-ray diffraction, it is possible to determine residual stresses in each phase separately, in comparison with hole-drilling method. The presence of strain-induced martensite was investigated using Barkhausen noise and optical microscope.
Introduction
Actual state of technology of sewage disposal plants (SDP) basically does not solve the problem of purification of fats and oils. Using mobile tricanter device substantially changes the attitude of waste processing to SDP. It removes transporting of waste from small, problematic, or dangerous environmental sources and enables using device on the polluted place. The mobile version of tricanter device poses increased requirement on reducing of energy consumption and mobility given by size and weight reducing. The mobile separation tricanter may not be discernible from mobile separation decanter device. The differences are mainly in centrifuge and accessories of device. Tricanter device enables three-phase separation with simultaneous separation of two immiscible liquids with different densities and one solid phase, provided that the solid phase is the heaviest phase using high revolution, i.e. centrifugal force. The main problems are removing of individual phases and purity observation.
Duplex and austenite steels are usually used for their properties, primarily for the high corrosion resistance. Duplex steels combine properties of both phases and moreover, due to two-phase microstructure, some properties are better than high-alloyed austenite steel, e.g. abrasion resistance [1] . Abrasion and corrosion resistance have to be one of the main required properties. Not only properties of used material but it is necessary to investigate quality of machined surface -surface integrity, too [2, 3] .
Both, austenite and duplex steels have relatively low thermal conductivity (approx. 16 W/mK) [4] which leads to insufficient heat distribution into chip and workpiece and to excessive heat accumulation in cutting zone. This heat generation can result in microstructural changes, local changes of chemical composition, surface discoloration or inducing undesirable tensile residual stresses.
The gradient of residual stresses (RS) is more important indicator of machined material than surface RS. A situation may arise that there are the favorable compressive RS on the surface but with a steep RS gradient which can result in very high unfavorable tensile RS in the sub-surface layers, and vice versa [5] . For this reason, it is very important to investigate the RS gradient.
Analysis of polycrystalline materials by X-ray diffraction methods is suitable for gaining information about state of RS of both the surface and subsurface layers. On the other hand, the other methods as hole-drilling determine the RS gradient from total relieved deformation of material after disruption of RS balance.
The strain-induced martensite can be caused by sufficiently high rate of plastic deformation of surface layers and also by temperature instability of austenite [6, 7] . Martensite is harder and more brittle in comparison with austenite steels and thus changes their properties. For strain-induced martensite determination, e.g. the optical microscopy or Barkhausen noise analysis can be used.
Theory
Duplex stainless steels have high corrosion resistance in many environments, where the standard austenite steel is consumed, and where its properties sig-nificantly exceed austenite steel. Thereby, smaller amount of material from duplex steel is necessary to manufacture function components. Austenite and duplex steels are susceptible to mechanical reinforcement, i.e. local changes in mechanical properties of surface layers. Local changes, e.g. hardness, can lead to tools vibration during machining of the final component, which results in additional material inhomogeneity and blunting tool [8] .
Realizing that austenite steel has face centred cubic (fcc) lattice with close-packing structure of atoms, the primary slip system goes along {111} 110 The number of slip systems is 12, which is the sufficient amount to plastic deformation. Moving dislocations form so called stair-rod dislocations which have small stacking fault energy, i.e. high energy is necessary to have for intersect or cross slip of these dislocations [9] . Therefore, the austenite steels are prone to workhardening, which cause mechanical modification and inhomogeneity on the machined surface, and leads to e.g. unstable chip formation. The second type of deformation of high alloyed austenite steel takes place via twins. On the contrary, the ferrite crystallizes in a body centered cubic lattice (bcc). The direction slip in bcc materials is always 111 . Since in the bcc lattice is not close-packing structure of atoms, more slip planes assert during the deformation, mostly planes {110} and {211}.
In engineering practice, the residual stresses are often determined on the basis of total sample deformation (e.g. hole-drilling method). This procedure considers the solid state as a compact continuous body, and therefore could not take into account degradation processes which rise separately into each phase components. Using X-ray diffraction (XRD) method, the residual stresses can be determined into both the phases separately [10] .
For strain-induced martensite determination, several method can be used. X-ray diffraction and Barkhausen noise belong to non-destructive techniques and e.g. microhardness measurements or optical microscopy to destructive analysis.
Experiment
The tested samples of tube shape of 100/86 mm in diameter were made of AISI 304 (austenite) and AISI 2205 (duplex) type of stainless steel. The samples were annealed in air laboratory furnace for 5 hours at 420
• C in order to reduce bulk macroscopic residual stresses.
For machining of the surfaces, four types of side rake angle were used (−6
• ; −2 • ; +7
• and +12
• ). Side rake angles are considered in combination with particular insert holder, which has negative rake angle (−6
• ). DCLNR/L R-clamp tool-holders with lead angle of 95
• (side cutting edge angle −5
• ) for four 80
• negative rhombic inserts were used, namely F3M, SF, NF, and PP chip breakers of Iscar Cutting Tools. All inserts had the same tip radius 0.4 mm. For elimination of blunting tool effect, the cutting tool was always new for machining of each tube segment.
The surface of the austenite sample was machined with different tool's feed, f = 0.1, 0.15; 0.2 and 0.31 mm/rev, using constant value of cutting depth 0.5 mm and cutting speed 155 m/min. The second series of machined samples were set up the cutting conditions of experiment using different tool geometry: feed rate 0.14 mm/rev, cutting speed 140 m/min, and depth of cut 2 mm. Direction of feed rate was parallel to axis of the sample (tube) A and perpendicular to tangential direction T. According to the principles of design of experiments (DOE) method, three 1cm tube segments were machined using the same cutting conditions. Using MnKα and CrKα radiation, X'Pert PRO MPD diffractometer was used to measure lattice deformations in austenite and ferrite, respectively. The average penetration depth of X-ray radiation is approx. 4 µm and 6 µm for ferrite and austenite phase, respectively. Diffraction angles 2θ
hkl were determined from the peaks of the diffraction lines Hole-drilling method was performed using sintered carbide milling drill of 1.8 mm in diameter and the holes had depth of 2 mm. The detection of released deformations was done by 3 rectangular tensometric rosettes. The stresses were calculating using macroscopic elastic constants: Young modulus 200 GPa and Poisson ratio 0.3.
The measurements of Barkhausen noise were performed using a commercial unit Stresstech Rollscan 350 magneto-elastic analyser with a standard sensor. Main parameters of the applied method were: sinusoidal shape of magnetic signal, magnetic voltage 3.5 V, and frequency 75 Hz. In practice typical expectable penetration depth in this experimental arrangement is in the range of 20 µm, but generally depend on frequency and the analysed material.
For obtaining optical microscopy images, the radial cut of each sample was made. The electrolytic etching with 10% Oxalic acid of investigated surfaces was employed. The images were achieved by inclined illumination with 250× magnification. 1. This trend is identical in the both analyzed directions; axial and tangential. It can be concluded that using a smaller tool's feed leads to lower values of residual stresses. This effect is related to "an amount of chip". Higher tool's feed, cutting depth and cutting speed lead to higher cutting force and higher heat generation. If the heat effect is dominant, the tensile stresses are generated. Generally, the temperature influence causes the tensile RS and contrarily, the plastic deformation leads to compressive RS. The type of the RS and their value deeply depend on the mechanical and thermal properties of the machined material [5, 12] . In Figs. 2 , there are influences of surface macroscopic residual stresses σ A , σ T , MPa on the side rake angle,
Dependence on the side rake angle

Surface residual stresses
• . These residual stresses were averaged from three values of RS of tube segments machined using same side rake angle.
Generally, the increasing of the side rake angle in the positive direction leads to a lowering of cutting force and temperature in the cutting zone [5] . For prediction of RS dependence on the side rake angle, the yield strength ratio Rm/Rp 0.2 of the given material is necessary to take into account.
For austenite steel, the yield strength ratio is approx. 2.5, which is typical value for plastic material. The tensile RS are created during machining using great load on the cutting tool, i.e. using the negative side rake angle, and smaller load causes the compressive RS, i.e. using the positive side rake angle [5] . For this reason, higher compressive (axial direction) and smaller tensile (tangential direction) RS were determined with increasing of the side rake angle, see Fig.  2a .
On the other hand, for ferrite steel, the yield strength ratio is less than 1.25, which is typical value for elastic materials. According to [5] , the shear type chips should be created which should cause the interruption of the connection between chips and the material. The additional effect of strain filed of chips is not transferred in the machined surface. For this reason, the greater force causes that the plastic deformation influence is predominant and higher compressive or smaller tensile RS may be determined with increasing of the side rake angle.
Furthermore, for duplex steel, which consists of both phases, it is possible to presume that the dependence of RS on the side rake angle is generally not monotonic for both the phases because of their mutual influence during plastic deformation, see Figs. 2b, 2c.
Residual stresses gradient
The RS gradients depending on the side rake angles were determined, see Figs. 3. As can be seen in Figs. 3a, 3b, the RS gradients are without any dependence on the side rake angle in the case of austenite steel. On the contrary, for duplex steel, there are clearly differences of the RS values depending on side rake angle in both austenite and ferrite phase.
The reason resides in two phase material and mutual influence of both phases during plastic deformation. In the case of one phase steel, the difference of plastic deformation power is not so significant to change the state of RS in the sub-surface layers using the different side rake angle, see Figs. 3a, 3b. On the contrary, for two phase steel, the differences of RS are evident, see Figs. 3c, 3d. With the increasing side rake angles, the maximum stress position is moved deeper into the material which is in line with results in [13] .
In Figs. 4 , there is a comparison of RS gradients determined by XRD and hole-drilling method. Mostly, the macroscopic RS of bulk material can be estimated as approx. zero, see austenite steel in Figs 3a, 3b . Nevertheless, the compressive RS of ferrite and the tensile RS of austenite phase of bulk are seen in Figs. 3c, 3d. By XRD, the determination of the RS is possible in each phase, separately. Because of the similar mass ratio of ferrite and austenite phase in the duplex steel, the RS of bulk can be approximately predicted by value σ bulk ≈ (σ f errite + σaustenite)/2. However, the hole-drilling method is based on deformation of the measured material as the whole. It is evident from Fig. 4 that σ bulk ≈ σ hole−drill ≈ 0 which is in line with expectation [10] . Moreover, the continuity of both methods of RS determination was verified.
4.2.3.
Strain-induced martensite determination In Fig. 5 , there are the optical microscopy images of the radial cut for two types of chip breakers, for maximum negative (F3M chip breaker, i.e. side rake angle −6
• ) and maximally positive (SF chip breaker, i.e. side rake angle +12
• ). From theory follows that the primary shear zone is decreasing with increasing positive side rake angle. In other words, increasing side rake angle results in lower cutting force and temperature [14] . Due to lower cutting force, the primary shear zone tends to get wider and the plastically affected surface layers is thinner. In Figs. 5a and 5b, there is evident the possibility presence of strain-induced martensite. For confirmation of this statement, other analysis is necessary to do, e.g. Barkhausen noise analysis, see Fig. 6 . After confirmation of presence of strain-induced martensite, it is evident that there are differences between thickness of surface layer with strain-induced martensite, see Figs. 5a and 5b. Increasing positive side rake angle, the thickness of mentioned layer is decreasing which is in line with presented theory.
In the case of duplex steel, see Figs. 5c and 5d, it is possible to observe differences in amount of straininduced martensite, i.e. dark blue grains. With increasing positive side rake angle, the amount of straininduced martensite decreases. Using higher positive side rake angle, the cutting tool causes lower plastic deformation and therefore, the lower amount of straininduced martensite is created. The thickness of layer containing strain-induced martensite is approximately identical.
In Fig. 6 , there is a comparison of Barkhausen noise records of machined surface with and without straininduced martensite of austenite steel. The presence of ferromagnetic phase in paramagnetic austenite, i. e. strain-induced martensite, was absolutely confirmed by Barkhausen noise. The Barkhausen noise record of non-machined surface has constant value, i. e. equal to signal creating by measuring probe. The confirmation of the presence of strain-induced martensite in the duplex steel is more complicated due to presence ferromagnetic ferritic phase. The higher value of magneto-elastic parameters are not only due to higher ratio of ferromagnetic phase but also due to residual stresses, dislocation density, grain-boundaries etc.
Conclusions
The present study showed:
• Regarding dynamical loading of the final product, it is necessary to have a suitable state of residual stresses in the surface layers, i.e. high value of compressive stresses. For this reason, lower tool's feed is more preferable when the final product is manufactured. With respect to our results, see Figs. 1, and recommendation of tools producer, the value of tool's feed 0.14 mm/rev was selected.
• The surface RS distribution is dependent not only on the side rake angle but on the material, too. For austenite (one phase steel), the dependence of RS on the side rake angle is decreasing. On the contrary, for austenite and ferrite (in the two phase steel), the dependence is not monotonous. The reason is yield strength ratio which is different for austenite and ferrite.
• The RS gradients are without any dependence on the side rake angle in the case of austenite steel. On the contrary, for duplex steel, there are clearly differences in RS values depending on side rake angle in both austenite and ferrite phase. The reason is mutual influence of the both phases during plastic deformation.
• For the similar mass ratio of ferrite and austenite in the duplex steel, the RS determined by hole-drilling method are approx. the average between the RS determined by XRD of ferrite and austenite phase, separately.
• Moreover, the RS of austenite phase are generally more tensile in comparison with the RS of ferrite phase; see Figs. 4, which is in correlation with [5] .
• In Figs. 5a and 5b, there is not evident difference between twins and strain-induced martensite. For confirmation of strain-induced martensite presence in the austenite steel, the Barkhausen noise analysis was used, see Fig. 6 .
• It follows from Figs. 5 that with increasing positive side rake angle, the amount of strain-induced martensite and the layer containing strain-induced martensite is decreasing for duplex and austenite steel, respectively.
• Due to correlation between amount of straininduced martensite and microhardness, it is possible to presume the dependence of microhardness on side rake angle.
